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The modern day landscape of Van Buren County Michigan was created by the
advance and retreat of glaciers from about 13,000 to 20,000 years ago. The Lake
Michigan Lobe of the Laurentide Ice Sheet sculpted southwest Michigan most recently.
The sediments deposited by the glacier include diamicton, outwash sediments, and
lacustrine deposits. The build up of sediment by the glaciers led to the construction of
particular features such as moraines, till plains, and outwash fans. The huge amount of
meltwater from the glaciers led to the erosion of channels throughout the area. In the
area of this investigation the Ganges till is the diamicton deposited as the Lake Michigan
Lobe advanced to the east. Above this diamicton is a thick sequence of glaciolacustrine
deposits from an extensive proglacial lake system. Capping this lacustrine sediment is
the Saugatuck Till, a discontinuous diamicton, deposited as the Lake Michigan Lobe
readvanced over the area. Geologic cross-sections were constructed for the area using
surficial sediment data, water-well data, as well as rotasonic boring data. These data
were augmented with a geophysical survey near one of the rotasonic borings.
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CHAPTER I
INTRODUCTION
The surficial glacial deposits of Van Buren County Michigan were mapped as
part of a STATEMAP project. STATEMAP is a U.S. Geological survey project
conducted in Michigan by the Michigan Department of Environmental Quality (MDEQ).
These deposits were mapped at the scale of 1:24,000, the scale of U.S.G.S. 7.5-minute
quadrangles. This scale leads to a more scrutinous investigation of the surficial deposits
resulting in a map with greater resolution. As an outcome a county level map with
township (or smaller) level detail may be compiled from the 7.5 minute quadrangles. This
investigation focused on an area in the central portion of the county.

Two full

quadrangles and a partial quadrangle were mapped.
The primary purpose of this study was to examine the surficial sediments that are
exposed at the surface or immediately below the soil horizon in the area. A secondary
purpose of the study was to characterize the buried sediments. For subsurface deposits,
the lithology along with the relative stratigraphic sequence was examined. The
relationship expressed between the sediment assemblages and the juxtaposition with
topography was also investigated. This along with the sequence stratigraphy can be used
to recreate a picture of glacial related events that shaped the landscape.
Various field methods were employed to collect and examine the sediments.
These methods include: the use of a hand auger, continuous-core rotasonic borings,
domestic and municipal water well records, road-cut, construction, and aggregate
excavations; geophysical investigations, observations and discussions with water well
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drilling contractors and discussions with farmers.

As a side note, discussions with

drilling contractors and farmers proved valuable due to their intimate knowledge of the
land and subsurface; they were also quick to point out interesting areas, usually followed
by many questions. The intended result of the map and stratigraphic constructions is to
aid in understanding the glacial geology of the area. From an academic standpoint the
glacial history in this area has been investigated by relatively few and the resources
needed to investigate the glacial history are more readily available today than in the past.
Also, better comprehension of the glacial geology that sculpted the area may lead to
wiser management of resources including, but not limited to: ground water, aggregates,
agriculture, urban development and planning, and waste management.

Location and Geologic Setting
Location
The area of investigation is situated in the central portion of Van Buren County,
which is in southwestern Michigan. The boundaries of the study area are those of the
U.S.G.S. 7.5-minute, 1:24,000 scale topographic maps for Decatur, Lawrence, and Paw
Paw. All quadrangles are adjacent with Lawrence and Paw Paw aligned west and east
respectively and Decatur south of Paw Paw. The Lawrence and Paw Paw quadrangles
are bound to the north at 42o15’N latitude.

The western border of the Lawrence

quadrangle is 86o07’30”W longitude, while the southern border is located along
42o07’30”N latitude. The eastern border of the Paw Paw and Decatur quadrangles is
along 85o52’30”W longitude. Only the area in the northern portion of the Decatur
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quadrangle was mapped. The mapped area for the Decatur quadrangle extends from the
common boundary to the north with Paw Paw and is terminated at 42o04’07”, which is
the southern border of Van Buren County. Figure1.1 shows the mapped area and its
spatial relationship to Van Buren County.

Figure 1.1: Study Area Location
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Geologic Setting: Bedrock and Drift Thickness
The bedrock geology of the lower peninsula of Michigan is comprised of
Paleozoic sedimentary rocks that occasionally outcrop but are predominately covered
with glacial drift (Dorr and Eschman, 1970). The structure of these sedimentary rocks is
a basin and is referred to as the Michigan Basin. Being synform in nature, the youngest
rocks (Jurassic Red Beds) are located in the central portion of the lower Peninsula and
the rocks become progressively older outward from the center. Figure 1.2 shows the
bedrock geology of the lower peninsula of Michigan.

4

Figure 1.2: Bedrock Formations of Lower Michigan
(Modified from MDEQ 1987 Bedrock Geology)
As evident from the map, Van Buren County is mostly underlain by the Coldwater Shale.
The Coldwater Shale is early Mississippian in age and varies in color from gray, bluegray, to red, is fossiliferous and locally in the western part of the state contains limestone
and dolomite (Catacosinos et al, 2001).
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Glacial History, Geology, and Features
As obvious from the drift thickness map, the entire county has been
covered with glacial drift. The Laurentide Ice Sheet, spreading from an area near Hudson
Bay in Canada, advanced across the region, with its terminus reaching almost to the
present day Ohio River (Chamberlin, 1894; Fullerton, 1986; Dreimanis, 1977; Boulton et
al. 1985). Following the maximum advance of ice during the Wisconsin Stage, about
20,000 years BP, the ice retreated northward (Dreimanis, 1977).
This advance of ice was not a single event but took place during multiple
episodes.

Chamberlin (1898) divided the Pleistocene into four episodes of glacial

periods each of which were separated by a retreat phase or interglacial period.

These

four episodes were known as Nebraskan, Kansan, Illinoian, and Wisconsinan.
Nomenclature of these episodes was based on the areas where the glacial advance was
best recorded. Although the names of the episodes are still used, the division of the
Pleistocene into four glacial periods separated by an interglacial period is no longer
considered to be accurate.
As the Laurentide Ice Sheet advanced and retreated over Michigan, the margin of
the ice front developed distinct ice lobes. Instead of a single uniform ice front, the
character of the ice at the margin was most likely influenced by ice streams, which in turn
resulted in the development of outlet glaciers that were lobate in nature. These lobes
possessed different flow dynamics. As these lobes moved across Michigan, glacial
features indicative of each individual lobe were the result. Influencing Michigan were
the Lake Michigan, Saginaw, and the Huron-Erie Lobes. These lobes formed the varied
landscape of Michigan as seen today.

6

As the ice traveled southward along the present day Lake Michigan basin, it
spread laterally forming the Lake Michigan Lobe. Present day features indicate that
during the late Wisconsin stage, the ice was flowing in a northwest to southeast direction
in the area of Van Buren County. (Fullerton, 1986; Leverett and Taylor 1915) Spreading
laterally out of the Lake Michigan Basin, into western Michigan, the Lake Michigan
Lobe of the Laurentide Ice Sheet influenced the study area during the final stages of
glaciation in the area (Leverett and Taylor, 1915).

There is some speculation that the

Saginaw Lobe may have influenced the area prior to the last advance of the Lake
Michigan Lobe.

Kehew et al. (1999) has identified tunnel valley remnants with a

Saginaw trend (northeast to southwest) east of the study area in Kalamazoo County. The
focus of this study, however, will remain on the Lake Michigan Lobe because of its role
in the formation of the most resent landscape. Figure 1.7 exhibits the path of ice flow
along with marginal positions at various times during the late Wisconsin glaciation.
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Figure 1.3: Flow of the Laurentide Ice Sheet and Later Individual Ice Lobes
(modified from Fullerton 1986)

8

Port Bruce
Stadial
Erie
Interstadial

Valders Mbr.
Haven Mbr.
Ozaukee Mbr.

Mackinaw Phase
(Deglacial)

Indiana

Southwest
Michigan

11

Two Rivers Mbr.

12
Manitowoc Mbr.

Shorewood Mbr.

Montigue till

13

Radiocarbon Age, ka B.P.

Kewaunee Fm.

Wisconsinan Episode

Michigan Subepisode

Mackinaw
Interstadial

Port Huron Phase
(Glacial)

Two Rivers
Mbr.

Kewaunee Fm.

Greatlakean

TC Substage

Two Creeks Phase
(Deglacial)

Two Creeks
Interstadial

Illinois and Lake
Michigan

Wisconsin

Two Rivers Phase
(Glacial)

Port Huron
Stadial

Woodfordian Substage

Wisconsinian Stage

Lithostratigraphic Units

Diachronic Units

Wedron Group

Chronostratigraphic
Units

14

15
Crown Point Phase
(Glacial)

Oak Creek Fm.

Wadsworth Fm.

Wadsworth Fm.

Saugatuck till

Milwaukee Phase
(Deglacial)

Table 1.1: Great Lakes Glacial Events (Kehew et al., 2001)
The pioneering study of glacial geology in Michigan was accomplished by Leverett and
Taylor (1915).

They investigated the surficial sediments, sediments at depth, and

landforms from Indiana through Michigan. The results of their efforts were such that
their nomenclature for various glacial features has remained, although modified by some,
until today. The moraines mapped by Leverett and Taylor in Van Buren County are
shown in Fig 1.8, which shows the position of the Kalamazoo Moraine, Kendall Moraine,
Valparaiso Moraine and the Lake Border Moraine in Van Buren County.
Kalamazoo Moraine and the Valparaiso Moraine are within the study area.
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The

Figure 1.4: Moraines as Mapped by Leverett and Taylor in Van Buren County
(modified from Leverett and Taylor, 1915)
More recent modifications to Leverett and Taylor’s work for Michigan and
notably Van Buren County, have been Terwilliger (1954) and Martin (1955). Figures
1.9 through 1.11 are other maps created by Terwilliger, Martin, and the MDEQ.
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Study Area

Figure 1.5: Glacial Map of Van Buren County (modified from Martin, 1955)
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Study Area

Figure 1.6: Surficial Glacial Sediment of Van Buren County
(modified from Farrand, 1982)
Within the study area there are two traditionally mapped moraines (Figure 1.8).
Most prominent is the Kalamazoo Moraine which is the most conspicuous landform in
southwestern Michigan. West of this moraine is the Valparaiso Moraine, which is much
more subdued in nature. This traditionally mapped moraine has been reinterpreted
recently as a till capped upland by Kehew et al. (in press). Amongst these moraines are
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channels that may represent erosional events that occurred as the ice was retreating from
the area.
Kalamazoo Moraine
The easternmost moraine of the Lake Michigan Lobe in Van Buren County is the
Kalamazoo Moraine. Exposed in the southeast corner of the study area the Kalamazoo
Moraine is the most prominent feature in Van Buren County. The Kalamazoo Moraine is
in excess of 300 meters in elevation and a maximum drift thickness of 180 meters.
Leverett (1915) describes the Kalamazoo Moraine in this area as "two well-defined
ridges, two miles in width separated from less than one to four miles apart." The
Kalamazoo morainic system of the Lake Michigan Lobe extends from Prairieville,
Michigan southwestward into Indiana where its traceable extent is truncated near Warren,
Indiana (Leverett and Taylor 1915). The two ridges Leverett refers to for the Kalamazoo
morainic system are the Inner Kalamazoo (western ridge) and the Outer Kalamazoo
(eastern ridge). In the study area the Outer Kalamazoo Moraine is characterized by
deformed masses of diamicton, bedded sand and gravel, and bedded silt and clay (Kehew
et al. 2002). Leverett and Taylor (1915) interpret the Outer Kalamazoo Moraine as a
terminal position of the Lake Michigan Lobe. Evidence supporting the terminal nature of
the Kalamazoo Moraine included inferred tunnel valleys, distal outwash fans and
glaciotectonic features associated with this moraine.
The Inner Kalamazoo Moraine in Van Buren County has also been interpreted as
an ice marginal position (Leverett and Taylor 1915, Terwilliger 1950).

However,

investigation of this area suggests this section of the Inner Kalamazoo Moraine may not
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represent a moraine at all, but a till plain dissected by fluvial processes. This assertion
will be discussed further later in Chapter IV.
Prominent features of the Inner Kalamazoo Moraine in the study area are a kidney
shaped upland (A on Figure1.12), extending from Decatur northeastward about five miles
and Prospect hill (B on Figure1.12), which is just south of the town of Paw Paw. The
kidney shaped hill is composed of a discontinuous cap of brown diamicton. Below this
diamicton are beds of medium to coarse sand and gravel. The sand and gravel units in
contact with the diamicton are also deformed.

In between the Inner and Outer

Kalamazoo Moraines is an area of low relief that consist of sand, clay, muck and even
marl.

14

Figure1.7 Topographic Features of Discussion in Study Area
Further discussion of the characteristics of these features will be discussed in
greater detail in Chapter III.
Valparaiso Moraine
West of the Inner Kalamazoo Moraine is the Valparaiso Moraine. Attaining an
elevation of 250 meters above mean sea level within the study area, the Valparaiso
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Moraine is characterized by moderate to low relief with a rolling surface.

In this area

Leverett and Taylor (1915) describes the Valparaiso Moraine as a broad band of weak
ridges, in which sand and gravel predominate over till. In Indiana and Illinois, there are
several distinct ridges of the Valparaiso morainic system (Zumberge, 1960).

The

Valparaiso Moraine as mapped by Leverett and Taylor in the study area consists of an
upland surface discontinuously capped with a brownish red diamicton and bedded sand
and gravel with some areas of silts and clay (Kehew et al. in press). In the southern
portion of Van Buren County and within the study area there is a fan complex that
consists of sand and gravel (Kehew et al. 2002). Dissecting the Valparaiso Moraine is
the Paw Paw River valley. This valley contains Holocene overbank deposits near the
river with presumably older sediments away from the river. Terwilliger (1950) explains
that any assertion made about the recessional or terminal nature of the moraine must be
made outside Van Buren County for he discovered no feature indicating retreat and
readvance. This upland in the study area is devoid of features that would give a clear
indication of its origin. Some areas contain sediment assemblages suggesting an icemarginal position while adjacent areas contain sediment assemblages characteristic of
non ice-marginal processes (Kehew et al 2001). Discussion of this matter will take place
in later chapters.
West of the Valparaiso Moraine is a broad, gently sloping plane of low relief
underlain by plane-to-cross bedded sand and gravel to plane-to-ripple bedded silt to
laminated silt and clay (Kehew el al. 2002). This lowland is interrupted by some higher
areas that are capped with diamicton and is covered with a veneer of eolian sand in places
(Kehew et al. 2002). This sediment assemblage along with the topographic expression of
the area is consistent with outwash and glaciolacustrine deposition.
16

Kendall Moraine
In the northeastern portion of Van Buren County is an upland that has been
mapped as the Kendall moraine (Leverett and Taylor, 1915). This is a narrow ridge, with
a width of less than 4 km, and a north-south length of approximately 15-km. Leverett
and Taylor originally grouped this moraine with the Kalamazoo morainic system,
qualifying that it could also be associated with the Valparaiso moraine immediately to the
west (Leverett and Taylor, 1915). Kozlowski (2004) refers to the Kendall moraine is the
Kendall upland. The morphology, sedimentology and stratigraphic sequence observed
within the Kendall upland share many similarities to descriptions of grounding-line fans,
ice-contact deltas and morainal banks (Kozlowski, 2004). Sedimentologic and
stratigraphic data from exposures along the Kendall upland indicate the presence of a
deep, proglacial lake to the west of the Kalamazoo moraine (Kozlowski, 2004).

Erosional Channels
West of the Kalamazoo Moraine is a broad, low-relief channel. This channel is about 4.5
kilometers in width. Surface sediments in this channel consist of clay, silt, sand, and
marl. This channel has been described as part of Glacial Lake Dowagiac (Leverett and
Taylor, 1915).
Toward the northern part of the study area the Paw Paw River flows to the west.
The channel containing the river is rather wide in relation to the modern river.

This

channel is about four kilometers wide. This discrepancy in size leads to the assertion that
the stream is underfit for the channel. The surface sediments of this channel are mostly
sand, silt, and clay with some modern deposits near the river itself.
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CHAPTER II
METHODS OF INQUIRY
Field Methods
Surface Sediment Characterization
As stated, the primary purpose of this study was to map the surficial sediments
that are exposed at the surface or immediately below the soil profile in the area. The
surficial sediments were investigated in a variety of ways.

First, each road in the

quadrangle was traveled in an east to west and north to south direction. While traveling
the route, agricultural fields, ditches and drains, construction sites, any excavation, and
highway and railroad right-of-ways were targeted for sediment collection. A map and a
global positioning unit were used to mark the location.

The sediment sample was

collected using an 8-cm diameter hand auger with a 2-m handle and/or shovel depending
on the situation. The sediment was described, labeled and bagged. The character of the
sediment was noted on the map. The collection of the sediment samples was performed
at regular intervals if conditions permitted and a change in sediment type was noted on
the map. Due to the nature of the agricultural use of the land and the timing of the study,
surficial sediments were directly observable in many locations. If the surficial sediment
was obscured from direct sight the hand auger was used. Typically the auger was
advanced below the soil horizon to a depth of 1.5 to 2 m. To augment the direct
collection of sediment, county water well records for the Paw Paw, Lawrence, and
Decatur townships were used. These records were filtered such that the surface sediment
18

(ignoring fill and topsoil descriptions) was shown. These data helped to fill in gaps
between areas of direct observation and aided in constraining the contacts between
different sediment types. Comparison of water well records and direct collection of the
samples allowed for a validation of the well records.
Contributing to the study was the observation of gravel and sandpit exposures in
the area.

When entry was granted, the sediments in the exposure were noted and

described. These types of exposure helped with not only the surficial sediment, but also
the sediments at depth. These excavations were instrumental in the study because the
observation of the sediment in the third dimension allowed for the direct examination of
stratigraphy and sedimentary structures within the sediment.

This information

contributed to the interpretations of the depositional environments in which these
sediments were deposited.

Rotasonic Drilling
Within the study area two borings were completed using the rotasonic drilling
method. Figure 2.1 shows the location of the rotasonic borings. This drilling method
was invaluable to this investigation because, as opposed to other drilling methods, the
sediment is recovered in a nearly continuous core and in nearly pristine condition. The
first boring was located southwest of the town of Decatur near an agricultural field on
46th Street. The surface elevation was 214 meters above mean sea level and the boring
was drilled to a depth of 38.4 meters. Another boring was completed west of the town of
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Lawrence on Michigan Street. This boring started at a surface elevation of 211 meters
above mean sea level and was drilled to a depth of 22.9 meters.

Figure 2.1: Rotasonic Boring Locations
The rotasonic method of drilling is primarily a geotechnical method. As the name
suggests, a ten-foot long, four-inch diameter, core barrel is vibrated into the ground at
vibration frequencies from 50 to 150 hertz or cycles per second. As the core barrel is
advanced it slowly rotates. This leads to a nearly continuous core of sediment that will
preserve some original structures in the sediment. This ultrasonic vibration essentially
slips the core barrel through the sediment with little disturbance of the sediment. Some
20

laminated clay samples showed that about one inch of deformation was caused by the
core barrel along the edge. Before the core is extracted a casing is advanced around the
core to prevent collapse of the hole. Once the core is brought to the surface the sediment
within is vibrated out into plastic sleeves and put into boxes for analysis. The cores were
first laid out so that field observations could be made of the core, and then transported to
the lab for further analysis. The collection of this data is more for the stratigraphic
aspects of the project rather than the surface sediment characterization.

Textural Analysis
Textural analysis was carried out on the sediment recovered from the rotasonic
borings. The cores were examined once again prior to sub-sample collection. Subsamples were taken from the core at 5-ft (1.524-m) intervals provided the lithology was
consistent for each particular unit. The interval was adjusted based on the lithologic
units. If there was a lithologic change within the 5-ft sampling interval the interval was
modified so the smaller unit would still be represented in the final results. Sample
retrieval was such that one half of the original core was preserved and archived. Each
retrieved sample weighed about 400-g.
Collected samples were placed into labeled, aluminum containers and then placed
into a drying oven at 50oC for 24 hours to evaporate any water adhering to the sediment
particles.

Typically during the drying process, the sediment grains would adhere

together into a semi-consolidated mass.

Preparation at this point required that the

consolidated sample be broken apart. This was accomplished with a mortar and pestle.
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Care was taken not to crush the sediment grains as to do such would alter the original
grain size.
After the sediments were rendered to the original unconsolidated state, they were
then weighed and passed through nested sieves. These sieves were placed into a Ro-Tap
machine that mechanically shakes the sieves in a circular motion while a hammer strikes
the top of the stack of sieves at each revolution. The machine was allowed to operate for
five minutes. The sieves were standard brass sieves, eight inches in diameter, with mesh
openings of various sizes. Six sieves were nested in order of decreasing opening size,
including U.S. Standard sieve numbers 10, 18, 35, 60, 120, and 230, which correspond to
2.0, 1.0, 0.5, 0.25, 0.125, and 0.0625 millimeters respectively. These sieves were chosen
because each sieve is at the division between various grain sizes. Table 2.1 shows the
divisions of grain size and sieve opening size. Evident from this table, each sieve
collected a particular grain size. Any sediment passing through the 230 sieve was in the
silt and clay fraction. Silt and clay cannot be effectively separated using sieves and were
separated later using another technique.
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U.S. Standard
Sieve Mesh

Millimeters

-12
-10
-8
-6

4

10
12
14
16
18
20
25
30
35
40
45
50
60
70
80
100
120
140
170
200
230
270
325

2

1

0.5

0.25

0.125

0.0625

0.031
0.0156
0.0078
0.0039

Clay

Mud

Silt

Sand

Gravel

256
64

5

Phi (?)
units

0.00006

-4
-2
-1.75
-1.5
-1.25
-1
-0.75
-0.5
-0.25
0
0.25
0.5
0.75
1
1.25
1.5
1.75
2
2.25
2.5
2.75
3
3.25
3.5
3.75
4
4.25
4.5
4.75
5
6
7
8
9
10
11
12
13
14

Wentworth Size
Class
Boulder
Cobble
Pebble
Granule

Very Coarse Sand

Coarse Sand

Medium Sand

Fine Sand

Very Fine Sand

Coarse Silt
Medium silt
Fine Silt
Very Fine Silt
Clay

Table 2.1: Grain-size Scale for Sediments (modified from Boggs, 1995)

Some samples, especially diamicton samples, required an added step of
preparation. Due to the cohesive nature of the dried diamicton the sample could not be
effectively broken apart with the mortar and pestle. These samples were rehydrated with
deionized water in order to make a slurry. This slurry was then washed through a number
230 sieve with more deionized water. All sediment and water that passed through the
sieve was collected. This represented the silt and clay fraction of the sample. Any
remaining sediment on the 230 sieve represented the sand fraction and was dried and
sieved in the manner described above.
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The silt and clay fractions of the sample were then separated. Samples containing
silt and clay that comprised less than 2% of the total sample were not separated. In order
to separate the silt and clay, Stokes’ Law was employed. Stokes’ Law is defines the fall
velocity (V) of the particle as
V=

(ρ

s

− ρ f )g
18 µ

D2

Where ρs and ρf are the density of the particle and fluid respectively, g is the
gravitational acceleration, µ is the viscosity of the fluid and D is the diameter of the
particle (Boggs, 1995). Given that silt particles will settle faster than clay, each can be
separated with careful timing and setup.

First a solution of 5% sodium

hexametaphosphate was made. This solution will neutralize the charged surfaces of the
clay particles preventing these particles from flocculating into larger colloids and settling
too fast. To this solution the silt and clay fraction of the sample was added. The total
height of the solution with silt and clay was adjusted to 10 centimeters from the bottom
of the vessel. The distance of 10 centimeters is required so the smallest particles of silt
will settle from suspension in two hours. The silt and clay solution was then stirred using
an ultrasonic stirring device for nine minutes, and then removed and placed in an area
where it could settle without disturbance. According to Stokes’ Law if allowed to rest,
silt in suspension will settle a distance of 10 centimeters in two hours. After the allotted
time, the vessel was decanted of the suspended clay. The suspended clay was poured into
a pre-weighed pan and dried. The silt, which collected in the bottom of the vessel, was
also poured into a pre-weighed pan. The samples were again dried for at least 24 hours
in the 50oC oven and weighed once again. The pan weight was subtracted from the total
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weight to calculate the mass of the silt and clay. If the clay was to be analyzed by X-ray
diffraction, the decanted clay was allowed to settle for eight more hours before drying, at
which time the sample was retrieved. Once the sample for X-ray diffraction was taken
the clay was then dried and weighed as described above.
After the sediment samples were separated into the various grain sizes the values
were input into Microsoft® Excel. This allowed for the manipulation of the data for
statistical analysis. Results of the sieve data were used in the construction of well logs
that will be discussed later.
Subsurface Data Manipulation

Water Well Data
To augment the data collected with the rotasonic borings, water-well data were
used. These data were available through the Institute of Water Sciences (GEM Program)
at Western Michigan University. These well logs were compiled in conjunction with the
Michigan Department of Natural Resources.

The Michigan Department of Natural

Resources developed a program called Wellkey that used database architecture to access
individual well information on a township level. Due to the volume of data the program
itself proved to be rather cumbersome, however, the database files were able to be
manipulated using Microsoft® Access and Excel. This was possible because each well
was given a unique identification number. The townships included Paw Paw, Decatur,
Lawrence, and Hamilton.
To start the data manipulation process the three database files were imported into
Microsoft® Access. These files included a table of well locations (in 1927 Michigan
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State Plane coordinates), well log lithologic descriptions, elevation of the well, drilling
contractor information, and the address of the well. In Access the three tables were
linked using the common well identification number. The tables were queried resulting
in a final table that contained the well ID number, x-coordinate, y-coordinate, elevation,
driller’s lithologic description, thickness of the lithologic unit, bottom depth of the unit,
stratigraphic code of the unit, the drilling contractor, and the well address.
The well ID number, x-coordinate, y-coordinate, elevation, driller’s lithologic
description, thickness of the lithologic unit, bottom depth of the unit information is
obviously crucial to the stratigraphy of the area. Inclusion of the drilling contractor and
address however may not be as obvious.
The drilling contractor was used because previous work with some drilling
contractors has allowed for the geologic interpretation of their lithologic descriptions.
For instance, having been on site with Earl Sanders and Sons Drilling has allowed the
author to infer that their, gray clay with gravel description is indeed a diamicton and not
clay interbedded with gravel. Also, knowing the identity of the driller also provides the
drilling method used. This is helpful because mud-rotary drillers can advance very
quickly and may lump lithologies together. As an example, while on site with Foune
Well Drilling, a package of interbeded sand and gravel was encountered.

Their

description was simply, sand and gravel, without separating the individual layers.
Having this type of knowledge is vital to the construction of the stratigraphy of the area.
The stratigraphic code is a number that was assigned to the lithology. The
developers of the Wellkey program performed the stratigraphic code assignment. This
code number was referenced to a list of lithologies that were more simplistic. Usually
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descriptors of the lithology (color, grain-size, consistency, etc.) were removed. This
allowed the roughly 315 different driller’s descriptions to be narrowed to 32 descriptions.
The address of the well was used to verify well locations. This was a check to
make sure the wells were plotted on the generated map in the proper location. About 20
wells were checked, all of which aligned correctly. Elevation was also checked at this
time, again all were within the appropriate contour interval.
Once the data table was set it was imported into Microsoft® Excel where some
further modifications were made. First the wells were separated into individual records.
These individual records contained only the well ID number, x-coordinate, y-coordinate,
and elevation. This table was the basis for plotting the well locations. Figure 2.2 shows
the well locations.
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Figure 2.2: Water-Well Locations used for Cross-section Construction
Another table was constructed containing the lithology information. This table was
manipulated in a variety of ways. First the thickness and bottom depth of each lithologic
unit was used to calculate the depth of the top and bottom for each unit. Next the original
driller’s description and the simplified lithology were assessed. Stripping the driller’s
color description helped to reduce the total number of lithologic descriptions, yet for
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some units color is helpful. Most noted are the various diamictons and clays. Analysis
of recovered sediment has shown the dominance of brown and gray as indicative of the
diamictons and clays.

Drillers will commonly use blue to describe gray-colored

sediments, likewise some will use red and pink for brown sediments. Brown and gray
were pulled from the driller’s description and were added to the simplified descriptions.
Further refinement of the lithologies yielded a final total of 13 units.
Once the wells were plotted and the lithologic units simplified the next step was
to work out the stratigraphy of the area. This was accomplished using the geographical
information system (GIS) program, ArcView 3.2. An extension of ArcView 3.2, Core
Builder, was developed by the Indiana Geologic Survey to analyze water well records.
This extension allows the wells to be spatially displayed in a projected cross-section.
Being a database files system, each well is linked to the lithographic information
corresponding to that well. Once a series of wells is selected, the lithology of that well is
projected to a straight line. Figure 2.3 shows a series of selected wells and the resultant
line representing a cross-section.

The end result of this extension is the spatial

distribution and elevation of each selected well projected to a straight line displaying the
lithology of each well.
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Figure 2.3: Wells Selected for Cross-section C-C’
A key element of the section that is not included in Core Builder is the
topographic profile. To include the profile the Spatial Analysis portion of Arcview was
used. Creating a line from well to well the profile was created by Arcview and added to
the section. Because this profile is not a part of the Core Builder extension, it needed to
be modified to match the section.
Once these elements were created, the section was imported into the graphics
program Canvas7®.

Here, correlating the common lithologies completed the cross-

section. Using the well lithologies, the various stratigraphic layers were correlated. The
final lithologies used for the cross section included: gray diamicton, brown diamicton,
sand, sand and gravel, sand and clay, clay, and silt. In order to sort through the wells so
that the most diagnostic wells were included, a few steps were required. First all the
wells in the study area were plotted. Next, using the Core Builder Extension, all the
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wells in a particular township section were selected and the lithologies were plotted.
Once these wells were plotted a cross-section of the township section was inferred. The
well or possibly two wells that best represented the lithology for the section were
extracted for later use. This procedure reduced the total number of wells for the final
cross-section construction. Although the number of wells was reduced, the validity of
the well lithology was not compromised because each well lithology is based on many
adjacent well lithologies. In some areas the number of wells was limited, thus for some
township sections only a few wells were available. Interesting to note, more often than
not well logs from different drillers would correlate, adding to the legitimacy of each log.
Once the wells containing the most diagnostic lithologies (“type” wells) were extracted,
the final cross-sections could be made.
Final cross-sections were constructed with a general northwest-southeast
orientation. This direction was chosen because the Lake Michigan Lobe was flowing in
this direction. Using the type wells for each section six cross-sections were constructed.
These cross-sections ranged in length from six to 24 kilometers long. Plate 2 shows the
resultant cross-sections and location of each.

Discussion of the cross-sections will

follow.

Oil Well Data
In order to constrain the topography of the bedrock structure, oil and gas well logs
were used.

This data set was acquired from the Michigan Department of Natural

Resources. The database nature of the data allowed for manipulation similar to the water
well data. As stated earlier, Van Buren County has been extensively drilled for oil and
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natural gas. About 1600 wells have been drilled, allowing for good control of the
bedrock surface and formation. Although the glacial drift stratigraphy was not always
delineated, the depth to the bedrock surface along with the formation name was.
Because the data tables contained information not needed to construct the
bedrock structure map, filtering of the data was needed. After filtering the resulting table
contained the well identification, location information, surface elevation, depth to
bedrock, and bedrock formation. Bedrock elevation was calculated by subtracting the
drift thickness from the surface elevation. The data were then imported into Surfer7®
where the top of bedrock elevations were plotted and contoured. The bedrock elevation
data were contoured using Kriging with an elliptical search area with an east-west
distance of 0.57738o longitude and a north-south distance of 0.34868o latitude. These
distances were used to limit the number of nodes that Surfer7® would create. When a
smaller search radius was defined the results were not satisfactory, especially in areas
where there is a large gap in well locations. In one case nodes were created that allowed
the bedrock elevation to approach the land surface, disagreeing with the water-well data.
Using these distances, 1500 nodes were compiled. Using the eight nearest wells to each
node, a bedrock surface elevation value was generated for each node. The nodes were
then contoured at an interval of 30-m. After Surfer7® contoured the data the bedrock
elevation values were manually checked against the contour lines and adjustments were
made as needed. Incorporation of, or the exclusion of elevations outside the contour
interval, was the correction needed most often. During the manual check of the data
obvious errors with some wells were noticed and those wells were removed. Such errors
were usually excessively deep or shallow depths to bedrock.

Manual correction of the

contours allowed a more geologically sound rendition of the contour map.
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Once the bedrock structure map was created a drift thickness map was created in
a similar fashion. Extraneous wells encountered with the structure map were excluded.
The depth to bedrock subtracted from the surface elevation yielded the thickness of the
drift. Again the resulting computer output was checked with the actual thickness data
and corrections were made as needed. Due to the corrections made with the structure
map, there were very few corrections needed.

Rotasonic Core Lithologic Presentation
After the gathering of sedimentological data from the sieving of the sediment
collected from the rotasonic borings, the program LogPlot® was used to graphically
display the data. This program allows one to display a myriad of data. For this project
the elevation, lithology, Natural Gamma response, grain size percentages, 7Å/10Å ratio
and the depth were displayed. The lithology was based on the field notes collected at the
time of the drilling. These are rather simple descriptions that were further refined after
the sieving. The natural gamma response was collected at the time of the drilling. As
described earlier, the nature of the rotasonic drilling used a dual casing system so that
when the core barrel was withdrawn the outer casing allowed for the introduction of a
natural gamma radiation detector to be lowered down the well. The analog printout of
the natural gamma response curve was digitized in order to be imported into LogPlot.
Specifications of the Gamma Logger are in Table 2.2.
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K e c k M o d e l S R -3 0 0 0 N a tu ra l G a m m a L o g g e r
T im e C o n s ta n t 1 0 s e c o n d s
S c a le
1 0 0 0 & 2 0 0 0 c p m f.s .
V e lo c ity
6 ft/m in

Table 2.2: Specifications of the Keck Natural Gamma Logger
The 7Å /10Å ratio is the results of X-ray analysis of the clay mineral in the
diamictons. X-ray diffraction was performed by a Rigaku® XRD unit Model #CN4036A.
Settings for the unit are shown in Table 2.3. Each sample was scanned from 2 to 20° 2θ.
Volts
Amps
Receiving slit
Soller slit
Anti-scatter slit
Goniometer speed
Proportional kV
Range
Time constant

35 kV
20 mA
o
1
o
0.3
o
0.8
o
2 2θ per minute
1.5
1K
1 second

Table 2.3 Settings for Rigaku XRD unit
Resulting data were plotted using Excel®. The ratio of the relative heights of the 7Å
and the 10Å peaks were determined for correlation with units described by others.
Notably were results of Monaghan and Larson(1986), Monaghan et al.(1986), Gardner
(1997), Flint (1999), Wong (2002), and Beukema(2003). Figure 2.4 show a resultant
graph of the XRD data.

34

Figure 2.4: Chart of XRD Data for Diamicton from VB-01-08
Ground Penetrating Radar
At the VB-01-08 rotasonic boring location a geophysical survey using Ground
Penetrating Radar (GPR) was conducted. The intent of this study was to investigate the
subsurface in an attempt to observe if there were any sedimentary structures present. In
the adjoining fields eleven profiles were conducted. The SIR 10 System by GSSI was
used with 100 MHz bistatic antennae. The antennae were towed by Dr. William Sauck’s
Ford Explorer. A Chainman II was used for the length of the survey and to denote the
distance for the fiducial marks. Fiberglass tape measures were also used. The SIR 10
was set to collect data at 8-bit resolution at a range of 320 nsec. The low pass filter was
set at 280 MHz and the high pass was set at 25 MHz. Static stacking was set at 2. Lines
were traversed in a general east-west and north-south direction. Figure 2.5 shows the
layout of the survey lines.
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Figure 2.5: Ground Penetrating Radar Survey Site Near the
Lawrence Freezer Corp. in Lawrence, Michigan.
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CHAPTER III
RESULTS
Surface Sediment Characterization
Figure 3.1 is the resultant map of the spatial distribution of the surface sediment
for the study area. Plate 1 is the same map with more detail. The distribution and
sediment type give insight to the formation process and lead to conclusions on how the
terrain of the study area was created. The zones designated by the letter M are classified
as an upland composed of ice-contact sediment that can include diamicton, sand and
gravel, and bedded silt and clay. Overall these areas are rather complex in nature.
The first terrain is the M1LM. LM is the descriptor given to the Lake Michigan
Lobe. This area is characterized by a hummocky to rolling surface with moderate to high
relief. The surface sediment can be composed of deformed masses of diamicton, bedded
sand and gravel, and bedded silt and clay. This terrain is associated with an ice marginal
deposit. In the study area this terrain is found along the southern rim of the Paw Paw
river.
Next is M1aLM.

A rolling upland surface or ridge of moderate relief

characterizes this terrain. The surface sediment is a brown-reddish diamicton in most
places. This diamicton may, however, be covered with gray to tan bedded sands, silts, or
clays of lacustrine origin. In some areas this diamicton overlies the gray to tan bedded
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Figure 3.1: Glacial Terrain Map of Study Area
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sands, silts, or clays. Sediment beneath the diamicton can be deformed. M1aLM can be
found in the study area north of the Paw Paw River, as isolated uplands in the eastern
portion of the study area, as well as in the extreme southeastern area that is part of the
Kalamazoo Moraine.
M1bLM shares similar characteristics as M1aLM. This terrain is only found in a
very small area in the northern part of the study area. The diagnostic feature of this
terrain is the presence of drumlins.

There are no drumlins within the study area,

however, there are some just north of it.
M1cLM is a rolling upland surface of moderate relief. The surface sediment
consists of deformed sand, silt or gravel with diamicton in some places. This terrain
occurs in the central portion of the study area.
In the southeastern corner of the study area the terrain M2 can occurs. In the
study area this terrain is contained within the Kalamazoo Moraine.

This terrain is

characterized by low relief, poorly drained plains. The surface sediment consists of
bedded sand, silt and clay of lacustrine origin with diamicton just below these sediments
or exposed at the surface in some places.
Isolated poorly drained depressions containing Holocene age peat and muck are
labeled as M5. In the study area M5 occurs within the terrains of M1LM and M1cLM.
M6 occurs in a linear trend in the central portion of the study area. This terrain is
interesting in that it consists of isolated conical mounds composed of deformed sand,
gravel, diamicton, and bedded silt and clay. Inferences on the origin of this area will be
discussed later.
Throughout the lowlands in the study area is the terrain O2. The O designation
indicates that the area is covered by water lain sediments, be they outwash, lacustrine, or
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sluiceway sediments. Generally occurring in low relief channels, O deposits may contain
bedded gravel, sand, silt and clay deposited by glacial meltwater streams or in glacial
lakes. In the study area O2 can contain plane-to-cross-bedded sand and gravel to plane to
cross bedded silt to laminated silt and clay. In the eastern and southern portions of the
study area a veneer of eolian sand may cap this terrain.
Contained within O2 is the terrain O4. This terrain consists of isolated shallow
depressions that contain Holocene age peat and muck. Included in this terrain are the
modern stream deposits.
In the central part of the study area is terrain F1. This terrain stretches from the
western margin tapering towards the east. F1 is an exposed fan deposit that consists of
sand, silt or gravel recognizable as distinct depositional units.

This fan complex

originates along M1LM in the study area.
Scattered throughout the study area are boulders. These boulders generally occur
in isolated areas. These areas of boulders are restricted to the terrains of M1LM and
M1cLm.
Subsurface Characterization
Rotasonic Logs
After the rotasonic drilling was completed, textural analysis was conducted. The
cores were sieved in the manner described previously. These data were then manipulated
such that they could be expressed graphically. Using the computer program LogPlot, a
graphical representation of the core was constructed. This log includes the elevation of
the units, a lithologic representation and description, natural gamma response curve,
textural analysis, clay mineral 7Å/10Å ratio, and the depth.
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Figure 3.2 represents the output of the LogPlot program for VB-99-01. VB-99-01
was drilled in 1999 southwest of the town of Decatur. The core was drilled to a total
depth of 38.4 m.

Figure 3.2: Graphic Log of VB-99-01
Starting at the surface, sand was immediately encountered beneath a 0.2 meter
soil horizon. This sand unit continued to a depth of 7.5 m. A general description of this
unit is a moderately well sorted, fine to medium-grained sand. The textural analysis

41

shows a general coarsening downward for this unit. The last 1.5 m of this unit grades
into what is described as a sandy clay. This zone contains 4.5% silt and clay, which
adhere to the sand resulting in a change from the loose sand above. Although there is silt
and clay in this zone the dominant grain size of the sand is in the coarse sand fraction. A
depositional environment in which the water, depositing the coarse sand, had a large
suspended load of silt and clay could account for this unit.
Immediately below this upper sand unit is a clay unit. This gray, well sorted,
laminated unit is about 3 m thick. This unit showed a strong natural gamma response.
The contact between the clay layer and the sand above is very sharp. Laminations range
between one and three millimeters thick. The laminations are expressed as different
color variations ranging from light gray to black.
Below the clay unit is a 1.5-meter thick, fine-grained sand unit. Like the upper
contact of the clay, the contact between the clay unit and the underlying sand is very
distinct.
Continuing below this unit is a 3.1-meter thick, sandy clay unit. This unit is
similar to the one encountered above. The matrix is a fine to medium sand with about
2% silt and clay. Below this sandy clay unit are two sand units about 7.6 m thick. The
uppermost of these is well-sorted fine to medium-grained sand. The lower sand is more
of a medium-grained sand with 2% silt and clay. This unit had poor recovery of the core
due to the flowing nature of the sediments. Below these sand units a gray diamicton was
encountered. This unit possessed a matrix of 67.2% sand, 31.4% silt, and 1.4% clay.
This unit also yielded poor recovery, because of a boulder-sized clast encountered by the
core. Although, there was only about one meter recovered, the natural gamma response
indicates the unit is about 2.5 m thick. The recovered sample yields about 1.8% gravel or
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larger clasts, which were predominately crystalline in composition. Lower still, another
sand unit was encountered.

This unit was approximately 6 m thick, comprised of

medium-grained sand with some zones of fine-grained sand and others of coarse-grained
sand. Abruptly below this unit is a sand and gravel unit. This unit is about 3 m thick.
This unit is characterized by medium to coarse-grained sand with some zones of gravel
that can comprise as much as 15% of the sample. Grain size analysis results for this core
can be viewed in Appendix I.
Figure 3.3 represents the output of the LogPlot program for VB-01-08. VB-01-08
was drilled in 2001 west of the town of Lawrence; the location of this boring is also
shown in Figure 2.1. The core was drilled to a total depth of 22.9 m.
From the surface to a depth of 8.5 m moderately well sorted fine-grained sand
was encountered. At about 1.5 m down there was a 0.5 meter thick silty layer. There is
an overall coarsening downward of the grain size in this unit. This coarsening downward
sequence will be discussed later in this chapter. Immediately below this sand unit is a 2
meter thick, cohesive, clay unit. The contact between these units is very sharp. The gray
clay is well sorted in the upper portion of the unit but becomes more silty near the bottom
of the unit. The clay is laminated on the millimeter scale much like the clay unit
encountered in VB-99-01. Underlying the clay unit is a gray diamicton. Again the
interface between these units is very sharp. The diamicton is also quite cohesive. The
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Figure 3.3: Graphical Log of VB-01-08
upper portion of the diamicton has a higher gravel content and less silt and clay as
compared to the lower portion of the unit. Grain size analysis of the upper portion of the
diamicton shows gravel content of about 49% with a matrix of 73.6% sand, 23.9% silt,

44

and 2.5 % clay. In comparison, the lower portion has 12% gravel clasts with a matrix of
63.8% sand, 28.1% silt, and 8.1% clay. As with the diamicton encountered in the
Decatur core most of the clasts are of crystalline origin.

Below the diamicton is

approximately 5 m of sand and gravel. This unit also shows a general trend of sediment
size coarsening downward. Finally, under the sand and gravel unit is a well-sorted,
medium-grained sand unit. This unit is at least 2.4 m thick. Grain size analysis results for
this core can be viewed in Appendix A.

Constructed Cross-sections
Having the data gathered from the rotasonic borings, the nest step was to expand
away from the drilling sites to investigate the stratigraphy of the subsurface throughout
the study area. The stratigraphy of the sediments, along with the texture of the sediments
can lend clues to the glacial processes that formed the landscape of the study area.
Plate 2 shows the cross-sections created for the study area. Figure 3.4 shows the
location of each cross-section. Working from northeast to southwest, six cross-sections
were constructed as outlined in Chapter II.
Cross-section A-A’ is a 5.5 kilometer long section that has a topographic relief of
about 5 m. The total depth achieved is 45 m. Starting on the northwest side of the crosssection, the uppermost unit is a brown diamicton. Following this diamicton, the color
changes to gray. This is evident in well PP15005, which is drilled by the geotechnical
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Figure 3.4: Location of Cross-section Lines
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firm of Layne Northwest.

The descriptions given by this drilling contractor are

considered to be trustworthy because of direct experience. This change in color has also
been observed in outcrop in various gravel pits. The diamicton appears to become deeper
along the section, as evident by the absence of the diamicton in well PP23001. Much of
the rest of the section is dominated by sand with lesser amounts of gravel and clay.
There is also a fairly continuous bed of sand and gravel above the diamicton from well
PP14008 to PP25001.

Note the delineation of a channel in this section. This channel

corresponds to a topographic low and was better defined in cross-section E-E’ and will be
discussed later.
Cross-section B-B’ is about 12 km long and has a topographic relief of
approximately 15 m. The total depth achieved for this section is roughly 45 m. This land
surface is covered with a sand unit, interspersed within this unit are areas with sand and
gravel. This interruption may simply be a facies change across the area. Below this unit
is the upper diamicton unit. This is inferred as such because of its stratigraphic position.
Note that in wells PP17013 and PP28014, the unit once again changes color from brown
to gray with depth. Below the diamicton are more sand or sand and gravel units. This
section also crosses an interpreted channel. The wells PP35001 and D01001 show a
marked change in lithology.
Cross-section C-C’ is about 20 km long and has a topographical relief of
approximately 38 m. The total depth achieved for this section is about 40 m. This
section proved to be more interesting in that it is crossing more of the study area and the
lithology is a little more complicated. Starting at C there is a thin sand unit overlying the
diamicton. There is still a color change from brown to gray recorded in some well logs.
Between wells L03003 and L11003 there is a pronounced change in the lithology. This
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again is an interpreted channel that will be discussed later. Continuing across the section
the diamicton is rather continuous and still demonstrates a color change. The surface of
the section is the diamicton with some areas of sand and gravel. Below this diamicton is
more sand and gravel with a fairly continuous silt unit. Below the silt unit is more sand
and gravel. Bottoming out the section is another diamicton unit. This diamicton not only
is lower in the section but also is only given a gray designation in some logs. There is no
brown color description for this unit in any of the logs. Further southeast on the section
is the continuation of the interpreted channel, which contains wells D11001 and D14001.
The last well, D13003, is on the Kalamazoo Moraine, hence the high elevation. In this
section the log records mostly sand and gravel in the moraine.
Cross-section D-D’ is the longest of the constructed cross-sections at about 23
km. Topographic relief of this section is about 65 m. Starting at D the upper diamicton
is encountered at the surface in well L04006. This diamicton still posseses the brown to
gray color designation in some logs. Moving to the southeast, the northern interpreted
channel is encountered. VB-01-08 is the second rotasonic core drilled as part of this
study. As in the previous cross-section, the upper diamicton is at or near the surface.
This section shows the discontinuous nature of the diamicton at the surface and at depth.
Below this diamicton is a unit that consist of fine-grained material, be it clay and/or silt.
The nature of the change may be an actual facies change in the unit, or a difference in the
driller's description.

Below the fine-grained unit is more sand and gravel with a

discontinuous silt lens. The southeastern interpreted channel is delineated by wells
D16005 and D15002. Finally this section rises up on to the Kalamazoo Moraine. Here,
the upper diamicton along with sand and gravel comprise the moraine.
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Cross-section E-E’ is about 21 kilometers in length, with a topographic relief of
approximately 30 m and a depth of about 65 m. The northern channel was not included
in this section because of well spacing and the proximity of the boundary to the study
area. This section is interesting in that the upper diamicton is less continuous than the
previous cross-sections. It continues to exhibit the brown color in some logs. Below the
discontinuous diamicton are fine-grained units consisting of silt and clay. The lower
diamicton in this section is different than the previous sections in that it is more
continuous. Again there is no brown color associated with this diamicton. To the
southeast of the section the interpreted channel is encountered yet again. VB-99-01 is the
first rotasonic boring drilled for this project. Southeast of this channel the topography
gains elevation as the Kalamazoo Moraine is encountered. Like D-D’ the moraine is
comprised of the upper diamicton with sand and gravel.
Finally, cross-section F-F’ was constructed. This section is approximately 8.5 km
in length and has a topographic relief of about 10 m. The total depth achieved is about
63 m. This section is very similar to E-E’, consisting of the upper diamicton underlain by
the fine-grained units of sand, clay and silt. Below this unit is the lower diamicton.
Under this diamicton is a sand and gravel unit. Interesting to note is the lowest diamicton.
This is the only section that shows three diamicton units.

Bedrock Structure
Van Buren County has been extensively drilled for gas and oil. The target formation
is the Traverse Group limestone. Although the stratigraphy of the drift was not recorded
in most records, the elevation of the bedrock-stratigraphic contact, along with the drift
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thickness were recorded. Throughout Van Buren County approximately 1600 wells were
drilled for oil and/or natural gas. From these data, two maps were produced that reveal
the bedrock structure (elevation of the bedrock surface) of the Coldwater Shale and the
drift thickness of the area. For the construction of the maps, data from 1579 wells were
used. Fig 3.5 displays the location of the wells used to produce the bedrock structure and
thickness maps.

50

Figure 3.5: Oil Well Locations in Van Buren County
The dense concentration of wells along the arcing east-west trend toward the north is
comprised of the Clear Lake, Bloomingdale, Coffee, Breedville, Locota, Geneva, and
Bangor Oil Fields (MDNR, 1982). The cluster in the southeast part of the county is
known as the Lawton Field (MDNR, 1982). As evident from the map, these heavier
concentrations are located in areas that have produced oil. Due to the distribution of the
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wells, there are some gaps in the data; however, overall Van Buren County has a
relatively continuous coverage. Figure 3.6 shows the bedrock structure.

Figure 3.6: Bedrock Structure Map of Van Buren County
The elevation of the bedrock is at its highest in the southeastern portion of the county
where it attains an elevation of 180 to 215 m above sea level. Striking features of this
map are the deep channels in the area trending generally towards the northwest. These
channels are rather deep and drop to an elevation of about 60-m above sea level. The
topographic relief in the bedrock structure is nearly twice the current surface topographic
relief. This map is very insightful in that the scale and contour interval allow for a more
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detailed view of the drift-bedrock interface. The channels delineated by the map pose
many intriguing questions. There is a belief by some that modern drainage is influenced
by the bedrock topography. It is evident in the study area that the modern Paw Paw
River actually flows perpendicular to a bedrock channel. Fig 3.7 is the interpretation of
where these channels occur.

Figure 3.7: Interpreted Location of Channels at the Bedrock Surface
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These channels may represent preglacial stream channels, glacial meltwater channels,
maybe tunnel channels. The role of the channels and bedrock high areas affecting
glaciation will be discussed in later chapters.
With the bedrock surface elevation and the land surface elevation known for a
particular oil well the thickness of the drift can be calculated and an isopach map
constructed. Fig 3.8 is an isopach map of the drift thickness of Van Buren County.

Figure 3.8: Drift Thickness of Van Buren County
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The thickness of the drift ranges from approximately 30 m to 180 m throughout
the county. As apparent from the map the thickest accumulations of drift for the most
part are within the channels. An exception is the area to the southeast where the drift is
about 180 m thick even though it occurs in a region of higher bedrock elevation. The
thickest area of drift occurs in the central portion of the study area coincident with the
channel and also in the southeastern portion that coincides with the location of the
Kalamazoo Moraine.
Ground Penetrating Radar
Near the boring site for VB-01-08, at the Lawrence Freezer Corp. in Lawrence,
Michigan, a ground penetrating radar survey was conducted. Figure 2.5 in Chapter II
shows the location of the survey. The results of the GPR survey can be viewed in
Figures 3.9-3.12. After the processing, sedimentary structures in the sand unit became
more evident, especially near the bottom of the record.

Figure 3.9: GPR Profile of Line 4 between 150 and 200 m from the Origin
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The GPR records show sedimentary structures to a depth of about 8-m. Figure 3.9
is a west to east profile along line 4 from about 150 to 200 m from the start of the line.
At a depth of about 6-m structures dipping to the west are highlighted. Figures 3.10 has
similar features highlighted but they are dipping to the north. Figure 3.11 shows line 8
with structures dipping to the south. Finally, Figure 3.12 shows line 9 with features
dipping to the north. It is the interpretation that the profiles are crossing oblique to the
true dip if the structures. If viewed in three dimensions there is an overall trend to the
west with some northern and southern component depending on the location.

Figure 3.10: GPR Profile of Line 7
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Figure3.11: GPR Profile of Line 8

Figure 3.12: GPR Profile of Line 9
A Wide Angle Reflection/Refraction (WARR) was also conducted along Line 11
between Lines 8 and 9. The WARR was done to measure velocities down to several of
the prominent reflectors. A wiggle trace was used to determine the velocities. With the
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velocity structure known, the vertical time scale could be converted to depth. The wiggle
trace results of this can be seen in Figure 3.13.

Figure 3.13: GPR Wide Angle Reflection/Refraction along Line 11
of the GPR Survey at the VB-01-08 Rotasonic Boring Site
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Topographic Investigation
Profiles of margins
The stages of Lake Michigan Lobe retreat are supported by detailed investigation
of the topography of the study area. Using the digital elevation model of Van Buren
County, topographic profiles were constructed.

The orientation of the profiles was

chosen to reflect the ice flow direction. For the most part the ice was flowing from the
northwest. In viewing the profiles, the ice would have been flowing basically left to
right. These profiles help in the evaluation of the glacial history in that as ice retreats
there are usually characteristic structures left behind. Typically at the margin of stagnant
ice the moraine that develops is steeper on the ice proximal side. Figure 3.14 is a map of
Van Buren County with the locations of profiles.
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Figure 3.14: Topographic Profiles Locations
These profiles along with the sediment assemblages suggest morainal like
development with the characteristic steep ice proximal side and a less steep distal side.
Classifying these features as moraines may not be entirely accurate. Ice stagnation ridges
seems to be a better suited term but the term moraine will be used to simplify the jargon.
Prefacing the profiles is the fact that the shape of some of the proximal sides was
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enhanced by fluvial erosion. This fact, however, is not troublesome because, during
retreat, the area between the ice front and the moraine lends itself to a depressed area
conducive to water flow. The first profile in Figure 3.15 is the profile of the Kalamazoo
Moraine, labeled 1 on Figure 3.14. This moraine is extremely prominent and the distal
edge is actually further east. Note the relief of this moraine is on the order of 50 m. The
huge size of the Kalamazoo Moraine dwarfs the rest of moraines. In fact when viewing
the digital elevation model of the area in three dimensions, an exaggeration of more than
20 is needed to view the topography west of the Kalamazoo Moraine because it is so
much higher in elevation.

V.E.= 10x

Figure 3.15: Topographic Profile of Kalamazoo Moraine in Van Buren County
Figure 3.16 and Figure 3.17 show the rest of the moraines across the study area.
Note that the vertical exaggeration is 10 times for each of the profiles. Due to the nature
of the profiling the elevation range changes for some profiles. The profile number is in
the lower right.
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Figure 3.16: Topographic Profiles of Ice Stagnation Ridges in Van Buren County
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Figure 3.17: Topographic Profiles of Ice Stagnation Ridges in Van Buren County

63

CHAPTER IV
DISCUSSION

Subsurface Investigation
Rotasonic Cores
The collection of a nearly continuous sediment core proved to be very beneficial
to the study of the subsurface sediments. Investigating the units above the lower most
diamicton provides some insight into the glacial history of the areas near the cores.
Starting with in the Decatur core (VB-99-01), at a depth of 25-m below the surface, at the
top of the diamicton, the sand units as well as the sandy clay units show a general
decrease in energy of the erosion system. The fining upward in overall grain size through
the sequence suggests the energy of the system was decreasing. This decrease in energy
led to the waning of erosive energy and allowed for the deposition of finer sediments. At
11-m below the surface the clay unit immediately above these sand units indicates that
the system shifted drastically. The system must have moved from fluvial to lacustrine.
This quiet water allows for the deposition of silt and clay sized particles. Above the clay,
the increase in grain size suggests that the system once again became active.
Immediately above the clay unit is the sandy clay. The matrix of this unit is coarser in
nature pointing to an increase in energy from a lacustrine environment to a fluvial
environment. It is inferred that the silt and clay in this unit was actually derived from the
underlying clay unit. The higher energy environment churned up the silt and clay from
below and mixed it with the coarser sand. The upper sand units demonstrate a fining
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upward nature. In the discussion of fluvial environments, it must be noted that although
the sediments are fining upward they are still in the fine to medium-grained sand fraction.
It would stand to reason that these relatively finer sediments are at the boundary between
fluvial and lacustrine environments. A fluvial environment comprised of these fine
sediments would be at the lower flow regime at best. Figure 4.1 is a photograph of a
sandpit excavation in the town of Decatur only a few kilometers from the sonic drilling
location. The pit is composed of a uniform fine to medium-grained sand with horizontal
bedding. The bedding is on the order of 3-40 centimeters. In one section of the pit there
is evidence of cross bedding. A depositional environment of this sand could be argued
for both fluvial and lacustrine. More than likely both settings were at play at different
times. Statistical analysis of the sediments did not sufficiently show a marked difference
to confidently interpret a fluvial or lacustrine environment.
The sediment assemblage for the Lawrence core (VB-01-08) is similar to the
Decatur core. The most obvious difference is the thickness of sediment. The Lawrence
core only has about 11 m of material above the diamicton as opposed to the Decatur core
that has approximately 25 m. The first major difference in the Lawrence core is the fact
that there is a clay unit directly above the diamicton at 10-m from the surface. Although
witnessed frequently, it is interesting how a lacustrine unit can be deposited directly on
the diamicton without any outwash type deposits. If the glacier was retreating englacial
and supraglacial sediments should be transported into the proglacial lake. It seems that
there should be at least some sand incorporated in the clay. Textural analysis of the clay
unit yielded less than one percent sand. This clay unit suggests a period of quiescence.
An explanation of this sequence of clay directly in contact with the diamicton is that
there was an erosional event that eroded to the diamicton followed by an impoundment of
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water in the resulting channel. This impoundment allowed for the lacustrine environment
in which the clay can settle out. After the deposition of the clay there was a shift to a
higher energy system that deposited the sand unit above. This unit, similar to the units in
the Decatur core (VB-99-01), shows a general fining upward trend. Again this would
indicate an overall decrease in the energy of the system. The implications of these
sediment assemblages did not become apparent until further work on cross-sections of
the area occurred. Interesting to note is the fact that the cores lack a surface or upper
diamicton. The upland areas around the cores are capped with a brown diamicton. Due
to the location of the cores the surface diamicton was more than likely eroded away.
Although these cores occur in stream channels or topographic low areas, the absence of
the diamicton has implications of glacial events as opposed to modern weathering and
erosion.

Figure 4.1: Sand Pit in Decatur, Michigan
(photograph by author)
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Several conclusions can be gathered from the sonic cores. Interesting to note is
the elevation of the diamicton units at depth. Although these cores are about 15 km apart
the elevation of the upper contact of the diamicton units are only approximately 4 m
different. This translated into a 0.3% grade between cores on the diamicton surface.
Adding to the interest, these diamicton units are inferred not be the same unit. This leads
to the conclusion that the elevation of the diamicton units may be controlled by some
limiting factor. An explanation of the elevation of the upper surface of the diamicton
units comes into play with the interpretation of the cross-sections. The stratigraphic unit
above both diamictons consists of water-lain deposits. Although sand and gravel units
are found throughout the study area, the well logs immediately outside the inferred
channel are radically different from those within the channel. It is the contention of the
author that the channels throughout the study area are the result of outburst events that
occurred as the ice was retreating. As a deluge of water washed down these channels,
there were two controls on the depth of incision. First, the cohesive diamicton acted to
slow the erosive nature of the outburst. Next, the base level of the drainage system was
probably controlled by glacial lake levels to the west.
Cross-sections
Initial investigations into the subsurface of the study area suggested extreme
complexity.

The number of county water well records was overwhelming and the

drilling contractor’s descriptions were cumbersome and sometimes lacked validity and
consistency. Initial findings showed a mishmash of stratigraphic units that would barely
correlate between successive wells. Upon further inspection of the units and wells a
logical sequence began to show through. Focusing on the fine details was a hindrance to
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the process. By taking a broader view of the described sequences and stratigraphic units
a pattern emerged.

Lumping units based on the environment of deposition rather than

the individual units the construction of cross-sections for the area became feasible.
Further exploration into the Well Key program proved beneficial in that the creators of
the program simplified the descriptions; in addition the database format of the
information led to a filtering of unneeded data.

After filtering and following the

procedures outlined in Chapter II, the seemingly daunting task of constructing crosssections became realistic. Although some of the well data may be speculative, the
rotasonic data along with working with drilling contractors helped to validate the records
used. Confidence in the logs of unknown drilling contractors was gained when the well
logs adjacent to the sonic borings correlated. Although the units were simplified, the
output generated is no less credible. The scale of the units must be reflected in the scale
of the study area.
The cross-sections created from the sonic borings and the water well records help
to create a scenario of events that created this landscape. The relatively shallow nature of
the drilling prevents speculation of earlier events. As a result, only the most recent
glacial events will be discussed. Overall, two advances of the Lake Michigan Lobe of
the Laurentide Ice Sheet influenced the area insofar as the data would allow for such an
interpretation.
Starting with the lower diamicton from cross-sections C-C', D-D', and E-E', this
more than likely represents the Ganges till, this assertion is based on stratigraphic
position and the 7/10 Å ratio of 0.711, which is in agreement with Monaghan and Larson,
(1986); Wong (2001); and Beukema (2003). This diamicton varies in thickness between
5 and 15 m and the cross-sections show there is as much as 25 m in relief on the
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diamicton surface. This diamicton is inferred to be the basal till deposited by the Lake
Michigan Lobe as it advanced to the east. The terminal position is debatable but it must
have continued at least to the Kalamazoo Moraine.
Above this diamicton is a sequence of finer sediment with localized areas of some
sand and gravel. The finer sequence of sediment ranges in grain-size from clay to
medium sand. This package is as thick as 50 m. Due to the fine nature of these
sediments, the environment of deposition is most likely lacustrine. Kehew et al. (in
press) and Beukema (2003) concur with this lacustrine environment, their studies were
conducted just outside the study area in Van Buren County.
After reaching its maximum advance position for this stage, the ice then
retreated.

In the process of retreat the ice would have deposited sediments in a

glaciofluvial and glaciolacustrine environment.

Evidence for the glaciolacustrine

environment is supported by the fine nature of the sediments including clay, silt, and fine
to very fine sand. Coarser sediments of sand and gravel are evidence for a glaciofluvial
environment.

In order to create the glaciolacustrine environment, the Kalamazoo

Moraine (or its ancestral equivalent) acted as a dam to the east, impounding water
between it and the ice. With varying lake levels and melt water influence there was
shifting in the depositional environments from glaciolacustrine to glaciofluvial or vice
versa depending on the location, fluvial influence, and lake level. Using Cross-section
D-D’ a scenario was created from the sequence of units in the stratigraphy. Figure 4.2
shows the hypothetical retreat of the Lake Michigan Lobe from its terminus to the east
after the deposition of the basal till from its advance.
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Ice

1. Ice advance to the east of the study area.

2. Ice retreat some distance out of the study area resulting in an
extensive lacustrine system.

3. Ice readvance to Kalamazoo Moraine.
Overriding lacustrine sediments.

4. Ice retreats across the area with meltwater sculpting the
landscape

5. Final landscape after retreat
Figure 4.2: Inferred Sequence of Glacially Derived Sediment across the Study Area
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After its retreat the Lake Michigan Lobe then readvanced to the Kalamazoo
Moraine. This readvance is marked by a discontinuous diamicton at or near the surface.
The relative position and 7/10 Å ratio of 0.62 helps to support this readvance (Monaghan
and Larson, (1986); Wong (2001); and Beukema (2003)). As the ice advanced it not only
deposited the diamicton and some outwash type sediments, it also deformed the
underlying sediments. Figure 4.3 is a photograph taken in a gravel pit exposure near the
town of Bloomingdale in Van Buren County showing deformation of lacustrine
sediments.

Figure 4.3: Deformed Sediment in Glendale Gravel Pit
(photograph by author)
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The retreat of this ice is what led to the current topographic expression and
surficial sediment distribution of the modern landscape. The last retreat of ice created a
landscape that is rather chaotic in nature. The chaos is due in part to the role of glacial
melt water as the ice retreated. The area was not only influenced by the melt water of the
Lake Michigan Lobe but also likely sources from the Saginaw Lobe to the east
(Kozlowski 2004). Contributing to this chaos is also a draping of eolian sand across
some areas. Figure 4.4 shows the hypothetical reconstruction of the retreat of the Lake
Michigan Lobe after the most resent advance. Note the channels eroded by melt water.
These more than likely were catastrophic outburst originating from the Saginaw Lobe
and/or the Lake Michigan Lobe to the north.

Evidence suggests the channel through

Lawrence, where the VB-01-08 sonic core was drilled, is correlated to the Kalamazoo
outburst event (Kozlowski 2004).
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Stage I

Stage II

Stage III

Stage IV

Stage V
Figure 4.4: Sequence of Glacial Retreat after Readvance to the Kalamazoo Moraine
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The retreat of ice across this area occurred in association with large amounts of
fluvial and/or lacustrine meltwater. This water acted to erode and deposit sediment at the
surface that aided in the dissection and burial of the diamicton representing the basal till
of the advance. Dissection of the diamicton resulted in a terrain in which the upland
areas, protected from outburst type erosion, are capped with a diamicton, whereas the
topographically lower areas, prone to the erosion by outburst, are characterized by fine
sand and/or clay.
The cross-sections provide insight into the glacial processes that sculpted the
area. Although by nature the construction of a cross-section is interpretive, many steps
have been taken in the production of these cross-sections to provide a geologically sound
representation of the subsurface.
Traditionally, this area of Van Buren County has been mapped and labeled as the
Valparaiso Moraine of the Lake Michigan Lobe. Being portrayed as a terminal position
of the Lake Michigan Lobe is under debate and this assertion of ice terminus will be
contested in the following discussion.
Bedrock Influence
The most prominent features of the bedrock map constructed for this study are the
deep channels dissecting the bedrock surface.

These may represent paleo-drainage

channels. If these do indeed represent paleo-drainage there must have been influence
from glaciation. The northwest to southeast orientation is coincident with the Lake
Michigan Lobe flow direction. The discontinuous nature of the channels may represent
tunnel valleys under the ice or maybe gaps in the oil well locations. The meltwater
confined in these channels can possess tremendous erosive power and due to the
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pressurized flow the water can actually flow up gradient. The most likely scenario would
be the glacial enhancement and resculpting of the paleo-drainage.
GPR Profiles
Investigations using Ground Penetrating Radar proved very insightful in that it allowed
for the exploration of the subsurface with minimal effort. Sedimentary structures were
discovered in the sand unit at the Lawrence rotasonic drilling site (VB-01-08). These
structures most likely represent foreset beds preserved from the deposition of the sand in
the channel. It is the interpretation that the profiles are crossing oblique to the true dip of
the structures. If viewed in three dimensions, there is an overall trend to the west with
some northern and southern component depending on the location. This evidence helps
support the notion that the channel was incised via a catastrophic erosional event and
then partially filled with sediment as the flow waned. Flow would have been from the
east allowing for the westward dipping foreset beds.

Topographic Investigation

Topographic Profiles
An investigation of the topographic expression of the study area and beyond in
Van Buren County was conducted in an effort to understand the relationship of surficial
sediment and the landscape. Figure 3.14 shows the profiles that were constructed across
the area. The orientation of the profiles was such that the lines are aligned with the ice
flow direction. As shown by the profiles in Figure 3.15, Figure 3.16, and Figure 3.17, for
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the most part the ice proximal side is steeper. Profiles 4, 9 and 10 are exceptions to this.
One explanation for this may be the fact that these features are not ice marginal positions.
Another possibility is that the features experienced erosion that changed the original
topographic expression. Interesting to note is Profile 10. This profile, outside the study
area, is of the Covert Ridge (Figure 3.14). This ridge has been historically mapped and
labeled as part of the Lake Border Moraine of the Lake Michigan Lobe. It can be argued
that this profile is a poor example of an ice marginal position. It is very subdued, even
exaggerated 10 times, and it is very symmetrical. Even though these profiles seem to be
a simple exercise, the topographic expression of this area does not reveal a prominent ice
marginal position that would warrant the labeling of this area as the Valparaiso Moraine.
The subdued nature of the topography would better be described as till plain created
during ice advance/retreat with areas of brief stagnation creating small stagnation ridges.

Interpreted Stages of Glacial Retreat

In an effort to depict the final sequence of events as the Lake Michigan Lobe
retreated from the Kalamazoo Moraine, a series of maps were constructed.

The

construction of Figure 4.4 started with a base map of the glacial terrain map with the
shaded relief map of Van Buren County. Over this base the inferred position of the Lake
Michigan Lobe along with the subsequent drainage of melt water for various times were
plotted. Five stages of retreat are demonstrated influencing the study area and beyond.
Evidence used to construct this sequence was gathered from the surface sediment
distribution, subsurface sediment distribution, topographic profiles of ridges and the
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topographic expression of melt water channels. Digital topographic evidence is very
enlightening in that it allows one to view the topography of large areas in ways that were
not available until recently.

The likelihood that former researchers missed certain

topographic changes due to lack of continuous coverage of topography is very high.
Clues to the existence of melt water channels, in particular, are very subtle and can be
easily overlooked. Regional relationships are difficult to recreate without the continuous
map coverage afforded by digital maps and geographical information systems. The
following series depicts the retreat of ice across the study area. Because of the lack of
dateable material, any age constraints on this retreat is not possible. One hypothesis
involved in the construction of these maps is that the ice retreat was rather quick and the
locations of any ice marginal positions represent a stagnation of the ice retreat or at best a
very small readvance. There is no evidence in the study area that would suggest a large,
well-developed ice terminus.

This calls into question the traditionally mapped

Valparaiso Moraine in the study area.
Stage I
At this stage the Lake Michigan Lobe terminus is at the Kalamazoo Moraine. As
stated earlier the Kalamazoo Moraine is a very conspicuous landform that represents the
terminal position of the Lake Michigan Lobe. At this position the melt water drained
through a linear depression in the moraine and flowing eastward. This flow created the
Prairie Ronde fan in Kalamazoo County (Kehew et al, in press). This outwash fan is
laterally extensive and very well developed. While at this location the ice is more than
likely tectonically active as evident by the area south of the drainage channel that is
characterized by a series of parallel ridges created as forces thrusted sediment upon itself.
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Stage II
This stage represents the time when ice begins to retreat westward. It is inferred
that the ice margin was irregular, having areas protruding eastward. At this time there is
a low area between the ice and the Kalamazoo Moraine. This area has been mapped in
the past as Glacial Lake Dowagiac. In this low area, melt water would have flowed to the
southwest. Melt water sources included both the Lake Michigan Lobe and the Saginaw
Lobe. Delineation of this channel was ascertained from the digital elevation model. The
main flow of the channel would have been along the arrows, the inundated areas outside
the main channel would represent areas of deposition of fluvial and/or lacustrine
material. The fluvial or lacustrine nature of deposition would depend on the location and
influence of flow. Previous mapping of this lowland as a lake was warranted because of
the pervasive clay, marl and muck at the surface. Even today the area is riddled with
drains to make the area tillable. Erosion of the main channel would influence latter
events. It is uncertain if the nature of the erosion of the channel was catastrophic or
simply a large discharge glaciofluvial system.

The base level of this channel south of

Decatur, Michigan was approximately 204 m above sea level.

This elevation was

ascertained from the sonic boring location in the cross-section E-E’.
Stage III
Further retreat to the west of the ice opens the area between the Kalamazoo
Moraine and the ice front. It is interpreted that the amount of melt water is reduced at
this stage. If the water continued at an elevation of the previous stage most of the
exposed land would have been inundated with water. Evidence gathered from surficial
sediment suggests that the area was not inundated. Melt water that was flowing from the
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Lake Michigan Lobe would have flowed eastward to the preexisting channel formed in
stage II. The ice appears to have stagnated at this location. Evidence for this is a weak
ridge with an accompanying fan deposit. This is highlighted in the figure. Topographic
evidence of ice stagnation at this stage is discussed later.
Stage IV
After a short retreat the ice again stagnates for a brief time. Melt water on the
eastern flank continues to flow east out the channel discussed in Stage III. There is
impoundment of water in the central portion of the county.

Another weak ridge

delineates the margin of the ice and there is a fan developing off this ridge. Portions of
this fan are composed of finer sediments, some of which are silt sized. These fine
sediments lead to the conclusion that there was an impoundment of water.

This

impoundment eventually created an outlet to the east, joining with the other melt water
discharge. Evidence for this outlet is found in the topography and also the sediments
near the surface. There are a few gravel pit exposures along this scarp. These pits are
mapped as M6 on the Glacial Terrain Map (Plate 1). There is an overall trend of the
sediments in these pits to dip to the west. The westward dip could be explained by the
water flowed through the outlet the eastern bank became unstable and slumped toward
the outlet. The nature of the sediment assemblages in these pits do not suggest the
material is simply material that has been reworked.
Stage V
With ice retreating west there is opening of a new channel. This is unofficially
called the Lawrence channel.

At some time after this channel is open there is a

catastrophic outburst from the east. This is probably related to the Kalamazoo Outburst
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(Kozlowski, personal communication).

Water from this outburst flowed along

preexisting low areas. Some water flowed in the Dowagiac channel but the elevation of
this channel points to most of the water flowing in the lower Paw Paw channel. The
exact location of the Lake Michigan Lobe is not known but is out of the study area and
away from the Lawrence channel.
This sequence of landscape evolution seems viable when the rotasonic core
sediment analyses are investigated together. First, the base elevations of the Dowagiac
and Lawrence channels are of interest. These base levels defined by the diamictons in
the rotasonic borings are only 4 m different. This would suggest that the regional base
level was near 200 m above sea level. There must be a connection. The base level of
these outlets was controlled by conditions south and west of the study area. Next, the
fining upward sediment assemblages above the diamicton units. Starting with a major
erosion event the channel was cut.

As the flow waned the energy of the system

decreased, as did the sediment size filling the channels.
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Plate 1. Glacial Terrain of the Lawrence, Paw Paw, and Decatur 7.5 Minute Quadrangles

Glacial Terrain

Elevation
meters (AMSL)

Hummocky to rolling surface, moderate to high relief, Surficial sediment composed of deformed masses of diamicton, bedded sand and gravel, and bedded
silt and clay(ice marginal deposit). Lake Michigan Lobe.

M5

M1aLM

Rolling upland surface or ridge of moderate relief. Capped in most places by
reddish-brown diamicton. Gray to tan bedded sands-to-silt-to-clay (lacustrine
origin) generally underlie diamicton and may overlie the diamicton in places.
Sediment beneath diamicton may be glaciotectonically deformed. Lake Michigan Lobe. Transitional to unit M1bLM. (Some may be thrust or fold ridges.

M6

M1bLM

Smooth, rolling upland surface of moderate relief composed of streamlined
hills, with long axis oriented NW-SE. Surficial sediment mainly diamicton. May
contain some areas of bedded sand & gravel and laminated silt and clay.
(Drumlinized upland). Lake Michigan Lobe.

M1LM

M1cLM

M2

Rolling upland surface of moderate relief. Surface sediment consist of
deformed sand, silt, or gravel. Diamicton may occur at surface in places.
(Some may be thrust or fold ridges.) Lake Michigan Lobe.

Low relief, poorly drained plains, underlain by bedded sand, silt, and clay of
lacustrine origin. Diamicton commonly underlies lacustrine sediment and
sometimes occurs at surface.

O2

O4

F1

Isolated, poorly drained depressions; sediment composed of muck and peat of
Holocene age overlying diamicton or bedded sand, silt, and clay of lacustrine
origin.

Isolated conical mounds composed of deformed sand, gravel, diamicton, and
bedded silt and clay (kame).

Outwash/glaciolacustrine plain. Broad, gently sloping plain of low relief. Contains plane-to-cross bedded sand and gravel to plane-to-ripple bedded silt to
laminated silt and clay. May be capped by thin layer of wind blown sand in
places.
Isolated, shallow to linear depressions containing muck or peat of Holocene
age, and incised stream valley-floors underlain by sand, silt, clay, and muck of
Holocene age.

Exposed fan, uncollapsed. Contains isolated ice-block depressions.
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